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Q script! n 

The present invention relates to a puncture sealing agent capable of suppressing corrosion and damage of steel 
cords of a tyre and enhancing the sealing effect, while maintaining resistance to putrefaction of the sealing agent itself. 

5 Puncture sealing agents are injected into the inner space of a tyre, and seal the damaged part from inside in the 

case of puncture and thus allow air retention. 

Hitherto, sealants have been mainly composed of natural rubber lateX; and contain ammonia at a high concentration 
of aibout 1 .2 wt.% of rubber solid cpn^ to suppress solidification of the latex and enhance stability in the liquid state 
(liquid stability), in this cbmpo^ are contained in the natural rubber latex such as protein, fatty acid, 

10 other acetone extracts and ash content. The protein adsorbed on the rubber particles is loaded with a strong negative 
electric charge in an alkaline state by the addition of the ammonia, and therefore the rubber particles exist in the latex 
In a. stable state, wtthout bqiidtng to each other. Moreover, because ammonia transforms the latex into an alkaline state 
oxidation and putrefacton of the protein is suppressed, iiid thereby occurrence of nnakxiouri degeneration, and dete- 
rioration are prevented : 

IS Herein, the content pf protein ir) natural rubber latex is .usually expressed by a converted value on the basts of the 

nitrogen cpntent nncuasured by multiplying this nitrogen content by 6.3 times. Conventional 

natural rubber latex -con^insi^rptein equ^^ about 0.2 to 0.3 wt.% in the nitrogen content measured by the. 

Kjeldahl method. 

According to the Kjeldahl method, in a solid sample by evaporating water content, a decomposition promoter 

20 (mercury, mercury oxide, copper sulfate, etc;) is and the sample is pyrblyzed in concentrated: sulfuric acid, 

potassium oxide, or sulfuric acid., fuming sulfuric acid, and nitrogen, in the sample traiisformed into ammonium sulfate 
is quantjtatfyely measured from this ammoiriium sulfate. Therefore, the ammonia added to the natural rubber latex 
disappearis along with evaporation of „water pohtent before; measu'remeht As a result, in the Kjeldahl method, only th 
nitrogen content in the protein is^measur^^^^^ 

2S On the other hand, the cbntcnt of ammoiiia in the rubber latex is usually measured by a method speipified in JIS 

K 6j3d1 . 5.3 (total alkali content), and <x>nvehtiohal puncture sealing agent contains about 1 .2 wt.% of ammonia ac- 
cording to this; measuring method. 

In the conventional sealing agent, hpweyer, although the liquid stability is enhanced by ammonia, it takes:time to 
solidify and freeze the puncture and the sealing effect lis insufficient, Stilt worse, arrirnohlai rnay invade' Into the inside 

30 of the tyre from the puncture darrwged portion, and this may then corrode the steel cords used in the belt layer and/ 
or carcass to. lower the tyre strength and durability. In addition, the strong, pungent srnell of ammonia is 
discomfort for the person handling 

If the'ammpnia content is bwered, then in particular, putrefaction of; the. protein cannot be suppressed enough, 
and if iahother cherhical is used a^ the stabilising agent iriMead of amrtipnia In order to maintain liquid stability, it is not 

35 pbssibie to rhaiiHte^^ 

It is hence.an object of : ijiuhcture scaling agent havirig no unpleasant smell and not 

causing corrosive darriage to steel coi^^ i-ubber particles 

and thus solidify under the stimulation of pre/ssure or the like, ^nd so enhance the sealing effect, without leading to 
putrefaction of protein^ 

40 According to one aspect of the present inventipn, a puncture sealing agent for sealing an Inner surface of a tyre 

cprriprises a deproteinized rubber latex. made by removing protein from a natural rut»ber latex, wherein the nitrogen 
content is 0.1 wt.% pr less of rubber soiid content of the deproteinized rubber latex, and the ammonia content Is 6.5 
wt.% or less of the ruljbersolid content. 

Herein the nitrogen content is measured by the Kjeldahl method, and the ammonia content Is measured by a 

4S method specified in JIS K 6381, 5.3. 

Preferably, a surface active agent should be contained as a stabilising agent at a level of 0.01 to 1 .8 wt.% pf rubber 
solid content in the puncture sealing agent, and it is partk:ularly preferred to usie potassium rosinate as the stabilising 
agent which enhances the sealing performance because the rubber particles in the latex start cross-linking by stimu- 
lation of pressure drthe like to enhance the pressure sensitive characteristic whk:h is the nature to solidify and freeze. 

so A puncture sealing agent comprises a deproteinized rubber latex having the nitrogen content at 0.1 wt.% or less 

. .of the rubber splid coiitent The deproteinized rubber latex is used in a k^w ammonia state, with an ammonia content 
of 0.5 wt.% or less of the rubber solid content. In this embodiment, the deproteinized rubber latex is further blended 
with a stabilising agent for keeping liquid stability, an adhesive agent for enhancing the tackiness of the latex surface 
to encourag adhesion with th tyre inn r surface, and an antifr ze ag ht. 

ss The d prpteinized rubber iat x used in the invention is made of natural rubber latex, from which protein and other 

impuriti sand gel contained in rubber partfcles of crude rubberar rernoved, and the nitrog ncopt nt as the conversion 
reference of the protein content is decreased to a level of O.i wt.% or less of the rubber solkJ content. 

The deproteinized rubber Iat x is formed by adding protease to latex to.decompose protein, and washing/ peatedly 
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by using surface active agent. 

. The latex used as the starting material for obtaining this deproteinized rtibber latex may be either fresh field latex 
.obtained froni natural rubber trees, or cbrhnriercial^ 

The protease is not particularly limited, ahdihose derived from bacteria, mould or yeast may be used, but it is 
5 particularly preferred to use protease derived from biabteria. As the surface active agent for washing, forexample. one 
. type or more of anionic surface active ageht and/or one type or more of non-ionic surface active agent may be used. 
Examples of ariibnic surface active agent include cair^ isystem, sulfonic system, esiter sulfate system, ester 
phosphate system, and bthei^ surface active agents. Carboxylic surface active agents include, for example, fatty sicid 
. salt, polyhydric carboxylate, roslhate, dirner acid salt, polymer acid salt, and tall fatty acid salt, with 6 to 30 carbon. 
10 atbm^. and preferably carboxylate with 10 to 30 carbon atoms. If the carbon atoms are less tten 6, dispersion and^ 
emulsificatbn of protein and Irripui^lties are insufficient, and if the carbon atoms are more than 30, it is hard to disiperse 
Ihwraier •"• ■ • ''.."v 

iSulfonIc surface active agents include, for i9xample; alkyi benzene sulfonate, alkyl s 
sulfonate, naphthalene sulfonate; anddiphehyl ether sulfonate. Ester sulfate surface active agents include, for exarnple. 
IS alkyi ester sulfate, polyoxy alkylene alkyi ester sulfate, pblybxy alky lehe alkyI phenyl ether sfulfate, tristyrene-phenpl 
ester sulfate, and polyoxy alky lerie disty renie-phenbl ester SiUlfate. Eister phosphaite surface active agents include, for 
example, alkyi ester phosphate ahd7k>lyoxy alkylene: ester phosphate. Salts of these compounds, iriciude rnetalsalts 
(Na, K; Ca. Mg. Zn. etc.), amnribnia salt, arnine salt ^(^^^ 

As non-ionic surface active agents, for example, polyoxy alkylene ether system, polyoxy alkylene ester syst^nn, 
20 polyhydric alcohol fatty add ester system, sugar-fatty acid ester system, and alkyi pblyglycoside system are preferably 
. used: Non-iohic surface active agents of polyoxy atkylerie: ether isystem include, for exahnpje, polyoxy alkylene al ky I 
ether, polyoxy alkylene alkyI phenyl ether, polyoxy alkylehOfpdIyoi.atkyI ether, polyoxy alkylene ^tyreneirphenbrether, 
polyoxy alkylene distyrene-phenol ether, polyoxy alkylene trlstyrene-^phenol etheri and polyoxy ethylene lauryl ether 
sodium sulfate (Emar E-70C of Kao Corp.). The polyol may be polyhydric alcohol With 2 to 12 carbon atoms, including|, 
25 for cxarriplb.iprbpylcnb glycol, -g^ 

Noh-ibiiic suHstee active agents of polyoxy alky lene; ester system jnclUde, forexample, polyoxy alkylene fatty acjd 
ster Nbn-iohic surface active agents of polyhydric alcbhol f iatty aicid esteir system include, fbi' exaimple, fatty iacid ester 
of pbly hydric alcohblland fatty acid ester of polyoxy alkylene polyhydric alcohol with 2 to 1 2 cari^pn atoms. More sper 
bifically. for exarhple; sorbitol fatty acid ester, sorbltan fatty acid ester, fatty acid diglycerjcle,. 
30 and pblygiycerin fatty acid ester are^ known. Also their rnlxtu res. with pblyalkyiene oxide mayi'be . used (for example, 
polybxy alkylene isorbite^ 

; Non-tpnic surf ace activisagente^ 
fructose, and polysaccharide fatty acid ester, and their mixtures with polyalkylene oxide may be also used. Non-Ionic 
surface aictive agents of alkyi polyglycbslde systern Include, fbr example, alkyi glucoside, alkyi polygiucosjde, polyoxy 
35 alkylenb alkyi glUcoside. and pb^ esters. Their nriixturQS 

with F^olyalkylene oxi^^ - : . v 

The alkyi group used in these suiiace iactive agerits may include alkyi group with 4 to 30 cart>on atoms. The polyoxy 
alkylene group may have an alkylene group with 2 to 4 carbon atoms. For exarhple- ethylene oxide with 1 to about SO 
moles may be us^d. The fatty acid may be either saturated or unsaturated fatty acid of straight chain or branched chain 
40 with 4 to 3d carbon atorns^. 

Instead of the anionic bn surface active agenit and/or nbri-ionic surface active agent, or together with these surface 
active agents, lan amphoteric surface active agent may be also vused. Examples of amphoteric surface active agent 
include, for exartible, surface active ag^ 

; To decompose protein in natural rubber latex by using prpteasev the protease is added at a rate of about 10 to 
45 0.001 wt.% of latek weight toihe field latex or ammonia treated latex. If the adding arnount is less than 0.001 wt:%, it 
is too little, and sufficient effect lis hot obtained, or if exceeding 10 wt.%, it is too much, and the cost is increased, whjle 
the enzyme activity is lowered. 

The enzyme may be added also together with other additives, for exarhple, a pH regulating agent, such as rnpno- 
basic potassium phosphate, dibasic pbtassium phosphate, sodium dihydrogen phosphate, other phosphates, potas- 
50 sium acetate, sodium acetate, other acetates, sulfuric acidil acetic acid, hydrobhioric acid, nitric ackJ, citric acid, succinic 
acid; other acids or their salts^ aminonla, sodium hydroxide,<potassiurn hydroxide, sodium carbonate, sodium hydrogen 
cjarbonate. and'others. The enzyme also may be corhbined with other enzymes, such as lipase,^ esterase, anriylase, 
laccase, and cellulase. 

Moreover, as required, styrene sulfonic acid copolymer, acrylamide tertiary butyl sulfpnb acid alone or copolymer, 
55 vinyl sulfonat alone or copolymer, 3-sulfopropyl-(meth)acrylic ackjl ester salt abne or copolymer, . naphthalen sulfonic 
acid formailin condensate, lign in sulfonic acid, polycyclic aromiatic sulfonic acid copolymer, acrylic acid and maleic 
anhydride homopqiymer arid cbpoiyrher, isobutylehe-acryllc acid, isobutylene-male'ic anhydride copolymer, other an- 
. ionic oligbrher or polymer rinay be used also as dispersing agent. 
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The decomposition treating time by the enzyme is not particularly limited, but It is preferred to treat for between 
several minutes and about a week^ usually about 24 hours. The latex nnay be. either stirred or kept still, if necessary, 
the temperature may be regulated, and a proper temperature Is 5 to 90 deg. C, preferably 20 to 60 deg. C. If the treating. 
. temperature exceeds 90 deg. C, deactivation of the enzyme takes place e;arller. and If lower than 5 deg. C. reaction 
5 of the enzyme is hardly promoted: 

For the washing process of the latex by surface active agent, for example, the surface active agent and water for 
dilutlpn are added to the latex after comptetioriiof enzyme treatment, and the centrifugal method is preferred, and in 
this case it is appropriate to add the surface active agent by OiOOl to 10 wt.% of the latex weight. By thi3 centrifugal 
separation, the nitrogen contisnt is notiably decreased to less than 0. 1 wt.%, and a deproteiriized rubber latex substan-r 
10 tially removing protein is obtajned^ in a cream form. This deproteinized rubber latex Is diluted in water, and the depro- 
teihjzed rubber latex. cont by 55 to65 wt.% lathe latex Is formed. 

Instead of the centrifugal separation, a washing rnethod of aggregating and separating the latex may be. also 
employed:- The centrifugal separation may be done only once or several tlnie?s. Although washing Is done by adding 
the surface active agent after enzyme decomposition, but altematively, after decornposrttpn treatment by adding en- 
is zyni^ and surface active agent simultaneously, it may be diluted in water and washed by centrif ujgal separation. Anyway, 
the rnethcxj of obtaining the d^ 

' in the depiroteinlzed rubber latex, amnionia is added at the time of dilution, and putrefaction of the sllghtly.rernainlng 
protein is suppressed, and ajso a stabilising agent for keeping liquid stabilityr lan adhesive agent for promoting the 
. adhesion of the latex surface, and an antifreeze 
20: At the time, the iammonia content is m In the starting material 

of latex, rnednwhtle; usually ammonia is contained by about 1 :2 wt.% (to the rubber solid content), and after the. first 
centrifugal separation in thei washing process, about 0.085 wt.%; may be left pver^ and after the secpnd . centrifugal 
separatbn, about 0.006 wt.% rnay rerriain. Considering this residual amount, it is.necessary to adjust the. adding arnpunt 
.. of^arnnrionia:- ■ • ■ - .^ r--. , , . 

2S As the stabilising agent, the surface eictive agent used In the washing process may be used, for example, anionic 

active agents such as. carboxyjic system, sulfonic, system; ester sulfate sy^^emi, and ester phosphate systeni, and/or 
horirk>nic surface active agents of polyoxy afkylene' ether systern. polyoxy. ajkylene ester system, pplyhydric albohpl 
fatty acid ester system, sugar-fatty acid ester system, and alky I poly glycoside systern, and moreover, as the aniphic 
active agents, among the carboxyllc system, fatty acid salt arid rosinate are preferred, and as the nonHpnic surface 
30 active agents, among the polyoxy alkylehe ether system, polyoxy ethylene alkyi ether, polyoxy ethylene a Iky I phenyl 
ether, and polyoxy ethylene lauryl ether sbdiunri sulfate (Emar E^ZOC of Kap.Corp..), are. preferred., In particular, PQtasr 
siiirn rpslnatet is preferred In the asp^ts of enhancing :the pressure sensitive characteristk: of the latexrand retnfprcing 
the Siealing perfornniarice:^^^ 

■As the stabilising agents it is preferred that the total amount of the surface active agents including the surf ace active 
35 agent for washing remaining in the deproteinized rubber latex after the washing process may be 0 01 to 1 .8 wt.%, and 
If less than Ql 1 wt.%, rt Is hard to obtain a sufficient stabilising effect, arid especially if less than 0.01 vvt.%, the stabilising 
effect is insufficient! To the contrary. If more than 0,5 wt.%, sufficient puncture sealing perfoirnarice is not obtained, 
and especially if more than 18 wt.% the puncture sealing p0rforms^ Hence, more preferably, it should 

be in a r^nge of 0. 1 to 0,5 wt.%. Incidentally, the amount of the surface active agent left over after the first centrifugal 
40 separation is 1/14 of the portion of the rubber solid content addetdj iat the time of deprpteinizing prpc.ess, arid aft.erjthe 
.Second centrifugal separator), it ^^1^^^^^ 

The adhesive agerh is not pdrtrculariy limitedi and vgirioijs synthetic resins from petroleum hydrocarbon such as 
cumarohe resin, natural reshis from rosin and its derKfatWes, and polyterpe 

cart be Used. The adding amount of t^ 20 to 35 wt.% of the entire puncture sealing agent, 

45, and if less than 20 wi.%, the adhesjon of the sealing agent is poor, and the puncture sealing p erf prrnance and the> seal 
'retaining performance are inferior. If exceeding 35 wt.%, to the contrary, isince the contejit of the latex Is smaller, arid 
the puncture sealing performance is inferior. 

As the antifreeze agent, ethylene glycol, polyethylene glycol, and other glycols may be used. The amount of the 
antifreeze agent Is preferably 14 to 25 wt.% of the entire puncture sealing agent If less than 1 5 vyt.%i the seaiirig agent 
so can f reeize In cpid cmdiitioris and canript be used, and if more than 25 wt.%, the puncture sealing performance is inferior. 
. Thiis. the puncture sealing agent of the invention comprises deproteinizisd rubber latex with a nitrogen content of 
0:1 wt.% or less, and protein contained in the rubber particles of latex substantially rerrioved. Therefore the rubber 
particles are easily started to crosslink by mechanical stimulation such as pressure. Accordingly, the seating agent 
getting Into the ^p In th puncture damaged portion Is quickly splidifl d by stimulation due to compression by air 
55 pressure or the Ilk , and the' air leak is stopped promptly, and th sealing effect is enhanced. 

By the us of such depirpteinized rubb r latex, th ammonia content is greatly reduced tp 0.5 wt.% or less whil 
still suppressing rubber putrefaction, thereby preiyenting occurrence of corrpslon or damage of steel cord and the 
uripleasant smell of amrhonia. Meanwhile, if the nitrogen cont nt exceeds Oil. wt.%i enhancement of sealing effect is 
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not achieved, and a significant increas bf ammonia is needed to pr vent putr faction of rubber, and corrosion and 
damage of steel cords cannot be pr vented; fherefore, for enhancing the sealing effect and curtailing annmonia, it is 
preferred to control the nitrogen content under 0.06 wt.%. In natural rubber, incidentally, when pne molecule of rubber 
of low molecular weight of 1 0d;000 is bonded with one nrK>lecule of peptide existing in molecular bonding, that is. one 
5 atom of nitrogen, the nitrogen content is 0.014 vyt.%, and hence it is considered nitrogen corresponding to this portioh 
is not removed but is left over Hence, the lower limit of nitrogen content is 0^014 vyt.% or more. Besides, the lower 
lirnit of ammonia content is preferred tb be O.T wt.% or more for prevention of putrefactbh. 

Embodiments 

10 ' ■ , ;■ ; ' . 

Using the deproteinizied rubber latex formed in the following method, samples of puncture sealing agent were 

- prepared according to the specification in Table 1 . arid the degree of ammonia stimulating smell, resistance to rubber 
putrefaction, piincture sealing performance, li(i|uid stability, seal retaining property, and/liquid state (-20 deg. C) were 
tested in comparison with ah existing age^nt, iand the re^ 

15 The degree of amnnionia stimulating smell was investigated by srnel ling, and scored in four ranks by sensory evai- 

uatidn: no smell ((g)), slight smell (0)/ rh€kiium smiell (^^ 

The resistance to rubber putrefaction was tested by leavinlg the samples in the condition of temperature of 35 deg. 

C for 90 days, investigated by snr)elling. and scored in four ranks by sehsiory evaluation- hp smell (® ). slight smell (Q). 

medium smell (A), and strong smeir(x): 
20 The puncture sealing performance was investigated by judging the time until sealing by the air leak amount, and 

scored in five ranks by exponential evaluation, bri the basis of the conventional product scored at 3. The larger value 

means superior performanciB. 

The liquid stability Was investigated by leaving the samples at a temperature of 70 deg. G for 10 days, visually 

observing the state changes, and evaluating in foiir ranks: remaining as liquid {@), slightly creamy (O), creamy (A), 
25 and solidified (x). 

The seial retaining property was evailuated by iiieiasurihg if there^^^^^ air loss or not from the puricture hole until 
travellihg iOO km after sealing, and scored inv^ 

The liquid state (-20 deg. C) was the liquid state in the environments at -20 deg. C, ais evaluated in two rianks: th 
sealing agent not frozen and hence usable (O), and frozen ah'^ 
30 In the table, the deproteinized rubber latex used in embodiments and comparative exaniple was prepared by using 

too g of natural rubber fafex with rubber solld;COhteht of '30 vrt.% obtained by diluting high ammonia. lat^^ of natural 

- rubber in water, adjusting the pH to 9.0 by adding sodium dihydrogeh phosphate as pH regulatirig agent to lOOg of 
this natur^l rubber latex, adding 0.02 g of protease and 1 g of surface active agierit(polybxy ethylene lauryl ether sodium 
sulfate (Emar E-7bc of Kao Corp.)), and letting stand for 24 hours at 30 deg. C to deproternize. 

3S Consequently, adding water to the decomposed latex to dilute until the rubber solid content became 10 wt %, It 

was centrifuged for 30 rhinutes at lOppO rpm, ahd an upper creamy layer was separated as deproteinized rubber latex 
after first.washing. To rerhove the protein layer (nitrogen content) further, this creamy layer is similjarly diliitiBd in water 
until the rubber solid content is 10 wt.%. and thereafter deproteinized rubber latex after Siecprid and subsequent washing 
is obtained. 

40 As shown in Tables 1 . 2. the sealing agents in the invention enhanced the sealing effect while providing excellent 

reslstande to putrefaction and liquid stability, and also prevent occurrence of stihriulating smelt derived from ammonia. 
Oh the other hand, in the converitiohal prbdilict, sirice the arhmphia content is high, it likely to scatter away, thereby 
significantly lowering the resistance to putrefaction aind liquid stabilft^^ 

From the comparison between embodiments 1 to 4, and the comparative example; 1. it is shown that the low 
45 nitrogen content (required to be 0.1 wt,% or (ess) is successful from the viewpoint of resistance to putrefaction and 
puncture sealing performance. This Is even more so if 0.06 wt.% or 1^^ 

From the comparison between erntwDdiment 4 arid ertibbdiments 1 3, 1 4. It Is also proved that the content of the 
adhesive agent being 20 to 35 wt.% is good.from the viewpoint of puncture sealing performance and. seal retaining 
■ property.;- / ■•• ". -•. 

50 From the comparison between embodiment 4 and embodirhents 15, 16, it is seen that the content of the antifreeze 

agent Is best in the range 1 4 to ;25 wt.% f rorh the viewpoint of puncture sealing performance and liquid state. 

From the comparison of embodjnrients 4, 1 2, it is known that the it is effective for Iquid stability to add a compound 
generally known as vulcanisation prorrioter This compound (hereinafter called vulcanisation promoter) is thiuram and 
dithiocarbamate, and xamples includ tetracis(2-ethylhexyl) thiuram disulfide, and zinc dibenzyl dithiocerbaminate. 
55 This accel ration promoter is preferred to b added by 0.1 to p.5 wt:% of the irubb, r splkl content of d proteinized 
rubber' lat X, and it is not ffectifl ss than 6. 1 wt.%, and th punctur sealing perforrtiance is inferior if over 0:5 wt.%. 

Moreover, from th^ compahsoh of enribodiments 4, 8 to 11 , the content of the stabilising agent can be seen to be 
preferred to be 0.01 to 1 .8 wt.% from the viewpoint 6f the puncture sealing performance and liquid stability, and nnore 
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pref rably in a range of 0.1 to 0.5 wt.%. 
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Claims 

1. A puncture sealing agent for sealing an inner surface of a tyre comprising a deproteinized rubber latex made by 
renDoving protein from a natural rubber latex,, wherein the nitrogen content i&6..1 wt:% or less of the rubber solid 
content of the deproteinized rubber latex, and the ammonia C€>ntent. is 0.5 wt.% or less of the rubber solid content! 

2i The puncture sealing agent according to claim 1 . characterised in that a surface active agent of 0.01 to 1 .8 wt.% 
of rubber solid.opritent of the deproteinized rubb latex is, contained as a stabilising agent. 

3. The puncture sealing agent according to claim 1 or 2, characterised in that the rubber solid content is 55 to 65 wt. 
% of the deproteinized rubber. 
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